Introduction
The National Surgical Quality Improvement Program (NSQIP) is a robust, high-quality surgical outcomes database created by the American College of Surgeons (ACS) that measures riskadjusted 30-day outcomes of surgical interventions. 1 It was designed to collect standardized, validated patient data on variables prior to and 30 days post-operatively from over 500 participating hospitals internationally. 1, 2 This scoping review summarizes studies utilizing the NSQIP data for analysis and quality improvement in plastic and reconstructive surgery.
In 1917, the ACS published the Minimum Standards for Hospitals summarized in a concise 1-page document. 3 It was the first evidence of policy-based hospital standardization that was related to surgical outcomes in the United States. 3 The concept of collecting outcomes data to improve the quality of patient care was adopted by the ACS in 1913. Shortly after its publication, hospital site audits showed that, disappointingly, only 89 of the 692 hospitals in the Unites States met the minimum standards. The notion of surgical quality indicators grew in popularity over the next several decades as it became a means of demonstrating excellence in patient care and hospital performance. 3 In 1951, the Joint Commission on Accreditation of Healthcare Organization was developed, which represented the beginning of the quality industry, and has since evolved and gained a significant amount of attention from government and policy-makers to ensure high-quality patient care is being delivered.
The quality of care is not captured in its entirety by absolute outcomes. Instead, risk-adjusted data are more reflective of true outcome and quality measurement. In the 1980s, the NSQIP stemmed from the Veterans Administration Medical Centers through data collection on standardized variables and outcomes, which were subsequently utilized to measure riskadjusted outcomes.
1,2,4,5 These quality improvement initiatives significantly mitigated surgical morbidity and mortality. 4, 5 In 2003, the NSQIP became a private sector quality assessment tool and has continued to gain greater acceptance by medical institutions as a tool to facilitate quality improvement. Currently, it is practiced in over 500 member institutes internationally. 3, 6 The NSQIP database collects patient demographic data, surgical profile, and specific surgical outcome data at standardized time points preoperatively, intraoperatively, and post-operatively. 1 The following key outcomes are recorded: (1) overall mortality, (2) overall complications, (3) cardiac complications, (4) post-operative pneumonia, (5) intubations required within 48 hours post-operatively or if patients were intubated for >48 hours, (6) unplanned intubations, (7) pulmonary embolism and deep venous thrombosis, (8) renal dysfunction, and (9) surgical site infections (superficial, fascial, and deep infections). 1 This database has been used to develop a universal risk calculator, which generates a customized risk assessment for over 1500 surgical procedures. 2 Adjusting for the severity of a patient's illness, the database aims to objectively compare results from participating institutions with greater accuracy and validity than previous outcome databases. 1 The risk stratification tool helps to identify complications related to surgical procedures and guide quality improvement measures that have consistently decreased morbidity and mortality rates at participating surgical centers. 1, 7 Additionally, the information gained assists with preoperative planning for the surgeons and consenting their patients. 8 Furthermore, since the implementation of the NSQIP, it has increased in popularity in research conducted by various other surgical subspecialties. Plastic surgery research faces challenges recruiting large sample sizes for high-quality research. One solution is to conduct studies using established databases. The aim of this scoping review is to summarize how the NSQIP data are being used in plastic surgery research to analyze interventions and guide quality improvement. It will be the first review to identify what domains of plastic surgery NSQIP is being used in (domains of plastic surgery studied), where it is being published (country of origin of authors), and the trends in publication since its implementation.
Methods
This scoping review was completed based on the principles of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement. 9 The inclusion criteria used to select relevant articles were as follows:
1. Types of studies: Any article using NSQIP data to conduct research. 2. Types of intervention: Any intervention or quality improvement related to plastic surgery, including the domains of education, upper extremity, head and neck reconstruction, pediatric and adult craniofacial reconstruction, and breast reconstruction. Additionally, articles analysing procedures not fitting within these domains but are within the competencies and practices of plastic surgeons were included, such as abdominal wall component separation, melanoma and skin cancer surgery, and breast reductions. 10 3. Types of outcome measures: Type of study using NSQIP data, subspecialty of plastic surgery, year of publication, journal of publication, and country of origin of publication.
Information Sources, Literature Search, and Inclusion Criteria
An electronic literature search was completed of the following databases: PubMed, Embase, MEDLINE, and CINAHL. Limitations were applied to humans and English language. The following search string was used: "NSQIP" or "National Surgical Quality Improvement Program" as a text word (.tw.) or as a word in multiple fields (.mp.). This was a broad and allinclusive search strategy that was comprehensive enough to ensure inclusion of all the studies using the NSQIP data. The search string was created with the assistance of a medical librarian.
Data Collection and Analysis
Two reviewers (H.F.M.A. and J.H.) independently reviewed the titles and abstracts to determine their relevance to the study. Reviewers were blinded to the others' title selection. Any article thought to be relevant was to be analyzed fully by both reviewers. Using the above search string, all the hits from each database were imported directly into RefWorks 2.0 11 for review and duplicate titles were removed.
Articles were included if they pertained to a plastic surgery domain or surgical procedures completed by plastic surgeons and utilized NSQIP data in the research. This included studies that used NSQIP data and were validating the program. It also included articles assessing risk associated with specific types on anesthetic (regional vs general) and predicting outcomes as they related to plastic surgery interventions. The domains of plastic surgery outlined by Sears et al were used to develop this inclusion criteria a priori. This process is summarized in Figure 1 .
Articles were excluded if they were of low-quality research including any letters, editorials, commentaries, case reports or studies, abstracts, and guidelines. After full-text review, interreviewer agreement was calculated using the chance-corrected statistic (K statistic). When disagreement on relevance of the article was noted, both reviewers discussed the relevance coming to a consensus based on the a priori inclusion criteria. No third-party opinions were required as an agreement was met in every case upon further review.
Data Extraction and Management
Once a consensus was reached on all papers included in the study, data were exported into an Excel file where further data could be stratified and extracted. The titles and abstracts were each independently categorized into 9 domains of plastics surgery including education, aesthetics, upper extremity, head and neck reconstruction, pediatric craniofacial, adult craniofacial, breast reconstruction, flap surgery (excluding breast or head and neck reconstruction), and other. These domains of plastic surgery were adapted from the categorization outlined by Sears et al and expanded to include education in plastic surgery. A specific category for microsurgical or flap surgery was not made as some studies would fit into more than one category. However, the flap cases were analyzed separately and categorized based on the type of reconstruction. Additionally, a category for "other" was developed for plastic surgery procedures that did not clearly fit into one of the other domains. Examples include plastic surgery-related infection, skin cancers, and breast reduction. Other information extracted included the year of publications, country of origin, and journal.
Results

Study Selection
On February 18, 2017, the search was conducted and a total of 29 921 hits were produced from the electronic search string (PubMed, MEDLINE, Embase, and CINAHL). These studies were retrieved based on the search string outlined above, with mention of NSQIP in the title or abstract (Figure 1) . A total of 27 916 articles were removed because they were duplicates, non-human, or not in English. During the initial screening process, 1889 articles were removed because of the low quality of evidence and/or the article did not include plastic surgerybased research. All letters, editorials, commentaries, case reports or studies, abstracts, and guidelines were removed. Articles were screened in the title and abstract for their research on any aspect of plastic surgery and the specialties' core competencies. This included but was not limited to procedures completed by plastic surgeons or surgeries that would be combined cases, for example, microsurgical flap cases in head and neck or abdominal wall reconstruction with component separation, as well as education in plastic surgery. 10 A total of 116 articles were eligible for full-text review. After applying the full inclusion and exclusion criteria, a consensus was made for the discrepancies and 106 studies were eligible for analysis. 2, 8, The calculated k after screening the title and abstracts was 0.98 (95% confidence interval ¼ 0.96-0.99, standard error ¼ 0.01).
Study Characteristics
Of the 106 plastic surgery articles that used the NSQIP data for statistical analysis or quality improvement, breast reconstruction (34.9%, n ¼ 37) was the domain most studied (Figure 2 ). Of the breast reconstruction papers included, a total of 5 papers analyzed flap reconstruction (13.5%), 8 papers looked at prosthesis-based reconstruction (21.6%), and 24 papers included both modes of reconstruction (64.9%). The next most common domain studied was "other" (27.4%, n ¼ 29), and this was further broken down in Figure 3 . The "other" category comprised of specific plastic surgery procedures such as breast reduction, infections, or risk factors that were not otherwise classified into one of the major domains of plastic surgery such as smoking and post-operative thrombosis. A section in "other" was devoted to non-specified flap reconstruction (excluding breast or head and neck reconstruction) for a total of 9 (8.5%) papers. Combining all the papers in the review, a total A total of 9 (8.5%) articles were in the domain of head and neck surgery and these included combined cases with microsurgical flaps for reconstruction. Aesthetic surgery represented 7.5% (n ¼ 8) of the articles with a mixture of breast surgery, abdominoplasty cases, and body contouring. There was only one case measuring the outcomes of trauma and that was in the domain of adult craniofacial. These results are summarized in Figure 2 .
Of the 106 articles, 95.3% (101 articles) were published within the last 5 years (2013-2017; Figure 5 ). The United States was the country of origin for majority of the research (74.5%; 79/106 articles), followed by Sweden (8.5%), England (8.5%), and the Netherlands (7.5%), as seen in Figure 6 . The journal Plastic and Reconstructive Surgery published the most NSQIPrelated articles on intervention or quality improvement studies, as well as studies that assessed the validity of the program as it applied to plastic surgery (59%, n ¼ 20; Table 1 ).
There were several studies that reviewed and critiqued the validity of the NSQIP database. Of note, there were no articles on burns and only one study on trauma as this domain of plastic surgery may be better captured in the Trauma Quality Improvement Program (TQIP).
Discussion
Hospitals have a responsibility to perform quality assurance programs in an attempt to guarantee that satisfactory patient care is delivered. The NSQIP produces risk-adjusted outcome data that can assist in developing and changing policies to improve patient safety and care. In plastic surgery, NSQIPrelated research is becoming increasingly prevalent in the literature and has demonstrated some utility in helping surgeons evaluate surgical-related outcomes.
Summary of Evidence
Considering all the studies in this review, Plastic and Reconstructive Surgery was the most common journal to publish NSQIP-related research (59% of all journals). The United States was the country of origin for majority of the NSQIP- related research (74.5%), which is in keeping with the fact that most of the hospitals collecting NSQIP data are in the United States, where the program was developed.
2,117 A total of 101 (95.3%) articles were published within the last 5 years (2013-2017), demonstrating an upward trend in the NSQIPrelated research since its initiation. In 2017 alone (January 1 to February 18, 2017), there were 5 articles published. As the NSQIP is being adopted by more hospitals and specialties, it is becoming more prevalent in the field of research as an objective measure of quality. The domain of plastic surgery most represented was breast reconstruction (34.9%). Many studies looked at the outcomes of breast reconstruction with both prosthesis-and flap-based reconstruction. This topic may be well represented in the literature already, but the NSQIP data provide the objective analysis of the 2 procedures with results that may be used to better inform patients on the surgical risks and outcomes based on studies of larger sample size. Since general surgery is well represented in the NSQIP data, this may explain why breast reconstruction is the most represented plastic surgery subspecialty. Areas of plastic surgery grossly underrepresented in the results of this review are trauma, burns and cutaneous disorders, or wound healing. The domains of burn, upper extremity trauma, and facial trauma represent significant practices of plastic and reconstructive surgery. However, these are not elective surgical cases. As such, these patients typically have multiple surgical interventions because of the complexity of their injuries and require many specialties involved in their care. As such, these outcomes cannot be comprehensively captured within a global surgical quality indicator such as NSQIP and are better analyzed by the TQIP database. In 2015, the American Burn Association developed the Burn Quality Indicators Program to support quality improvement efforts at burn centers, which would otherwise be inadequately addressed through the NSQIP outcomes. This may also explain why burns were underrepresented in this review, as they have other more appropriate quality indicator programs. 118, 119 With respect to wound healing and cutaneous disorders, these areas of plastic surgery commonly require minor procedures with clinical follow-up visits and, therefore, are not captured with the NSQIP database as the NSQIP would fail to evaluate appropriate outcomes for these procedures.
Critiques
There is concern that the outcomes collected through the NSQIP database do not accurately reflect the clinical picture within the specialty of plastic and reconstructive surgery. It has been argued that the NSQIP poorly estimates complication rates by missing important outcomes including post-operative readmission, infections, and hematomas. 8, 62, 118 This was reflected in some studies included in this review that directly analyzed the validity of NSQIP as an outcome tool for plastic surgery. This may be attributed to the fact that the NSQIP was created from a disease-specific colorectal risk calculator. 8 As well, the calculator does not accommodate multiple procedure codes, therefore limiting its use in multidisciplinary procedures. 8 Disease-specific calculators for plastic surgery have been suggested to better reflect the specialty-related Figure 6 . Distribution of National Surgical Quality Improvement Program (NSQIP) articles from the country of production. outcomes. 8, 14 The outcomes recorded in the NSQIP also have less value for many plastic surgery operations. For example, 30-day outcomes are not useful for operations such as breast reconstruction, most aesthetic surgery, and body contouring which require long-term outcome analysis. To further expand the utility of this risk calculator, information on long-term outcomes (beyond 30 days) may be beneficial, specifically, the need for reoperation, loco-regional recurrence of disease, and functional outcomes. 8, 14, 118 This is especially important in plastic and reconstructive surgery where the eventual functional and aesthetic outcomes are not fully appreciated in the short-term post-operative period. Additionally, the NSQIP only captures a sample of data from plastic surgery operations annually as it frequently excludes many cases and ambulatory surgery center data. 118 Another critique is that not all centers have adopted quality improvement projects such as the NSQIP, and there are varying levels of data collection and quality indicator programs at these hospitals. As such, the NSQIP is only useful if it is being utilized in centers where the research and outcomes can be of benefit to care delivered.
Applications
The NSQIP has implications for patients, clinicians, and the institution. For patients, the database helps to reduce complications and improve outcomes. The program also takes the onus away from patients in identifying risky health-care settings. In the clinical setting, clinicians can provide more specialized patient counselling and apply specific risk calculations to the patient at bedside. The large data sets and consistent collection of outcomes allows for big data studies. With respect to the institution, NSQIP can help mitigate post-operative complications by identifying systems-based issues and assist with hospital remuneration based on performance. Within the specialty of plastic and reconstructive surgery, NSQIP has important applications for a field that is challenged in recruiting adequate sample sizes.
Future Steps
After a review of the NSQIP in 2007 by an internal Measurement and Evaluation Committee, it was recommended that specialty-specific approaches to the NSQIP database are developed.
14 The variables and outcomes collected would capture the selected procedure-based outcomes that are deemed important in accurately assessing surgical quality within the specialty. 6, 14 One study demonstrated how the NSQIP could be used to build another subspecialty-specific quality indicator for head and neck reconstructive surgery. The traditional NSQIP data were used in addition to specialty-specific quality outcome predictors including flap loss, speech and swallowing outcomes, and feeding tube and tracheostomy tube dependence. 6 The follow-up was also extended to 1 year to better reflect the important post-operative complications that occur greater than 30 days post-operatively. This study provides a risk-adjusted quality indicator as a basis and has the potential for national expansion to set benchmarks and motivate quality and process improvement. 6 Another emerging tool that could utilize the NSQIP data to improve health care are big data and machine learning, which generate algorithms that use historical examples for knowledge acquisition as described by Kanevsky et al 120 . This initiative in plastic surgery has already been able to develop better means of assessing burn depth and severity, as well as qualifying perfusion status in post-operative microsurgery patients, to name a few. Machine learning requires high inputs of data to reliably create useful algorithms that can be used in plastic surgery practice. This novel notion of data analysis incorporates the NSQIP's initiative to collect large quantities of data that are surgery-specific, but takes it a step further by devising algorithms to organize information and generate meaningful output data that cannot be produced to the same extent with conventional statistical analysis.
Although there are shortcomings in the outcomes collected by the NSQIP, there are also many applicable benefits for its utilization in plastic surgery. The NSQIP provides standardized outcome data that can be useful in preoperative planning and consenting for elective cosmetic procedures. The businessdriven nature of aesthetic surgery can add an element of complexity for plastic surgeons and anesthetists' judgments when attempting to objectively advise patients on their operative risks. In one study included in this review, anesthetists used the NSQIP as a benchmark for evaluating the American Society of Anesthesiologist classification system in predicting significant post-operative complications. It was found that their classification system predicted significant complications and successfully screened patients undergoing abdominal contouring. 30 In this context, the NSQIP was used as a means of validating another screening tool to reliably predict risk and complications for elective procedures. The objective data collection process of the program ensures its robustness in assessing post-operative outcomes that apply to elective surgical procedures. 121 Despite its criticisms, the NSQIP has increased popularity within the plastic surgery literature as a quality improvement tool to predict complications and improve outcomes. The NSQIP also provides essential information aiding in surgical decision-making and budgeting for hospitals. Fiscal responsibility is emphasized in all health-care systems to deliver quality patient care within resource limitations. Collecting information on readmissions, post-operative infections, and procedurespecific complications can assist plastic surgery departments in developing and adapting to budgets to better optimize the current practice. While advocating for resources, these data provide a foundation for resource allocation at the departmental level and improve efficiency with wait times. Additionally, studying the NSQIP data may help mitigate readmissions and complication rates by implementing programs that are issuespecific.
With 95% of the NSQIP-related articles being published within the last 5 years, efforts in plastic surgery research utilizing this database is increasing. Based on this review, it is evident that there is both an academic and clinical role for the NSQIP and that plastic surgery programs throughout North America appreciate its utility for quality improvement. However, there are shortcomings of the NSQIP as it applies to subspecialty-specific outcomes, as these risk-adjusted results may not be perfectly calibrated to the complexity of surgery performed at specific centers. Having said that, we believe that the NSQIP offers a foundation for plastic surgery-specific quality indicators to be developed.
Summary
This review has demonstrated the increasing contribution of the NSQIP to plastic surgery research. Although the NSQIP has limitations in addressing subspecialty-specific outcomes, there has been a utility in plastic surgery research as evidenced in the 106 articles included in this review. In the absence of a specialty-or subspecialty-specific quality indicator, the NSQIP serves as an objective measure of surgical outcomes that plastic surgery departments can use to improve quality of care delivered. This review calls for changes to the outcome measures in the NSQIP. Additionally, it behooves plastic surgery departments to contribute to the NSQIP given its utility in helping us better understand post-operative complications and resource allocation.
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